1. Introduction {#sec1}
===============

The aging process is characterized by gradual declines in physical and cognitive functions. Some elderly become frail and experience a decline in muscle mass and strength, as well as functional disability. Preserving physical performance (PP) could secure independent living, which for older adults permits the satisfaction of being self-sustained and drastically reduces economic/health care costs. Studies have shown that functional disability increases dependence \[[@B1]\], risk of falls, cardiovascular diseases, mortality \[[@B2], [@B3]\], and overall health status of older individuals \[[@B1], [@B4]\]. In the United States, more than half of individuals \>70 years have one or more functional disabilities and only one third of noninstitutionalized individuals \>80 years are free of functional disabilities \[[@B5]\].

It is unclear whether the decline in PP can be explained by changes in body composition: fat mass, muscle mass, and/or bone mass (i.e., bone mineral density, BMD). In the older population, the changes in body composition, especially declines in muscle and bone mass, are challenging research topics with regard to PP. Several epidemiological studies have shown inconsistent results examining muscle, fat and/or bone mass predicting PP among older adults \[[@B6]--[@B10]\]. Visser et al. \[[@B9]\] reported that higher body fat was associated with functional disability in older Caucasian men and women and Woo et al. showed similar results in older Asian population. Other studies \[[@B11], [@B12]\] found that low fat-free mass is an independent predictor of functional disability. For example, Reid et al. \[[@B12]\] found that older adults with lower skeletal leg muscle mass were at higher risk for mobility disability. In the study with 1051 community dwelling Caucasian men and women, both lowest quartile of fat-free mass and highest quartile of fat mass were independent predictors of functional disability \[[@B6]\]. In addition, PP in older adults measured by handgrip strength was positively associated with BMD in various skeletal sites \[[@B13], [@B14]\], suggesting that there might be positive association between BMD and PP in older adults.

The inconsistent findings regarding the relationship between PP and body composition (fat mass, muscle mass, and BMD) might be due to several reasons: (1) the relationship between muscle mass, fat mass, and/or BMD and PP may be the outcome of interaction between loss of bone and muscle mass \[[@B15]--[@B17]\]; (2) the decline of PP may be caused in large part by cognitive decline which is not always assessed; (3) third is the use of different measurements for the assessment of both PP and body composition \[[@B18]\].

The purpose of this review is to examine the relationship among PP and body composition measures of fat mass, muscle mass, and BMD in individuals ≥60 years of age. By examining the literature from clinical studies, several possibilities for explaining the relationship between body composition and PP are explored and discussed. Various measurements used to assess bone and body composition as well as PP measures are also discussed.

2. Methods {#sec2}
==========

2.1. Literature Search {#sec2.1}
----------------------

Three major electronic databases including Medline/PubMed, Cumulative Index of Nursing, and Allied Health (CINAHL) were used to search relevant literature using the combination of the following keywords: "body composition," "muscle," "body fat," "physical performance," "physical function," "functional performance", and "bone mineral density." Of 334 retrieved articles, those lacking any measured component of body composition/BMD and PP were excluded, leaving 130 articles. Within the body composition term, body fat and muscle mass were considered. The latter term was sometimes referred to as lean mass, fat-free mass, mineral-free lean mass, or skeletal muscle (depending on how it was described in the original article). Therefore, all four terms are used interchangeably in this review. Physical performaance was sometimes referred to as "functionality," "physical function," and/or "functional performance"--- all expressions termed as PP in this review. In addition, only the most widely used PP measures, including sit-to-stand, walking speed, one-leg-stance, and handgrip strength, were examined. Only the studies in which subjects were ≥60 years were considered. If the range of age was not specified in the article, only studies where the average age of subjects was greater than 60 years by one standard deviation away from the mean were included. By limiting the search to human subjects aged ≥60 years, 33 articles were chosen and evaluated. Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"} summarize these studies grouped by similar findings.

2.2. Body Composition and PP Assessments {#sec2.2}
----------------------------------------

Measurements of body composition and BMD as well as definition of various PP measures and the ways they are assessed are described as follows.

### 2.2.1. Body Composition and BMD Measurements {#sec2.2.1}

There are several ways to evaluate body composition, including anthropometric measures, underwater weighing, skinfold thickness, or by using techniques such as bioelectrical impedance analysis (BIA), dual energy X-ray absorptiometry (DXA), computed tomography (CT), or magnetic resonance imaging (MRI). The *anthropometric measurements* are the most readily available and inexpensive methods. They include the use of body mass index (BMI, based on height and weight), waist circumference (WC), and waist-to-hip ratio (WHR). Since BMI is used for the assessment of overweight/obesity, and WC and WHR are good surrogate measures of abdominal fat \[[@B19]\], these measures are widely used in many studies \[[@B20], [@B21]\]. *Underwater weighing* is considered the gold standard for measuring body density and is based on the difference in densities between fat (less dense) and muscle (denser). *Skinfold thickness* could be easier and quicker to perform; however, they can yield inaccurate results and depend heavily on the skills of the individual who performs them. Because of difficulty and inaccuracies in performing underwater weighing and skinfolds, respectively, especially in the elderly, this review did not include the studies that utilized these two methods for body composition assessment.

Recently, other techniques such as *BIA* and *DXA* have become widely used. BIA and/or DXA can estimate/analyze the amount of fat and muscle mass in different body compartments, which gives more detailed information for body composition assessment. Although in some studies \[[@B16], [@B17]\] DXA produced higher estimates of fat mass compared to the underwater weighing, DXA is more precise than BIA \[[@B22]\], the latter depending heavily on the hydration status of subjects \[[@B15]\]. Other technologies, such as *CT* and *MRI* are also used to measure body composition at the subcompartmental level. CT has been widely used to measure muscle attenuation or intramuscular adiposity as a quantitative method to assess muscle quality. However, safety concerns have arisen regarding the use of CT because of the higher radiation and adverse reactions to contrast agents. Unlike CT, MRI does not utilize radiation; however, it has limited use on persons with implants and ancillary clinical devices such as pacemakers and defibrillators. Both CT and MRI are more expensive, not readily available and used less in research settings.

For the measurement of BMD, *DXA* is the method of choice due to its reliability and the only one used to diagnose osteoporosis \[[@B23]\]. In addition, *quantitative ultrasound bone densitometry (QUS)* is also widely used to assess bone health because of its low cost, easy transport, and radiation-free. Although studies have shown good predictability of fracture risk with QUS, the measurement is limited to the calcaneous region of bone, and it has been shown to be less precise than DXA. Overall, the studies reviewed herein utilized BIA, DXA, and CT to analyze body composition, and QUS and DXA for bone mineral density.

### 2.2.2. Physical Performance Measures and Assessment {#sec2.2.2}

To assess PP such as agility, mobility, and balance, several tasks have been developed including timed chair *sit-to-stand* (STS), *normal/brisk walking*, timed *up-and-go test* (TUGT), *one-leg stance* (OLS), and *handgrip strength* measured with the hand dynamometer. The items including STS, TUGT, and OLS are appropriate to test lower extremity performance but they have to be used with caution in older adults due to possibilities of falls and injuries. Another problem with using these tasks is that many of them have a "ceiling" or "floor" effect. That is, depending on the subject\'s ability to perform the given task, the subject may max out or may be too weak or frail to be able to perform the task. At the same time, the test needs to be simple and precise. To prevent these problems, different instruments and procedures have been developed and validated to evaluate physical function in older adults. [Table 3](#tab3){ref-type="table"} presents the instruments and the respective tests for functional performance. For example, the continuous-scale physical-functional-performance (CS-PFP) test or items within the CS-PFP have been widely used to measure the physiological capacity of the elderly or individuals with chronic diseases \[[@B24], [@B25], [@B26]\].

Another instrument, the United States Physical Performance Test (US PPT) \[[@B27], [@B28]\], is a functional ability test with seven or nine functional items. The test items simulate daily living activities and measure the time taken to perform them. Each item on a test is scored from 0 to 4 according to time required to perform, which yields a sum score ranging from 0 to 28 \[[@B1], [@B29]\].

Several test instruments for lower extremity performance are also available. The Short Physical Performance Battery (SPPB) \[[@B30]\] is focused on measuring lower extremity physical function. This tool was developed from the Iowa Established Populations for Epidemiologic Studies of the Elderly study and contains three categories: a balance test, a 4-meter walking speed test, and a timed chair sit-to-stand test for 5 repetitions. Each category has a 4-point maximum, with a total of 12 points possible with a higher score indicating less physical impairment \[[@B12], [@B31]\]. The Health, Aging, and Body Composition study (Health ABC) also developed the Health ABC Physical Performance Battery (PPB) to measure physical function in the elderly, which is modified from the lower extremity performance portion of the Established Populations for Epidemiologic Studies of the Elderly test \[[@B32]\]. The Summary Lower-Extremity Performance Scores (SLEPSs) introduced by Sharkey et al. \[[@B33]\] also emphasize examining lower-extremity performance. It has four categories including static and dynamic balance, usual walking speed, and repeated chair sit-to-stand. The total possible score is 14, with higher score indicating better performance. It has been reported that the score distribution is highly skewed; thus it is recommended to construct three categories according to the total score as follows: worst performance (SLEPS: 0--4), intermediate performance (SLEPS: 5--9), and best performance (SLEPS: 10--14). Finally, the Berg Balance Scale (BBS) is especially designed to measure balance function in older adults and includes 14 items to measure dynamics of balance. Items are scored ranging from 0 (worst) to 4 (best), with a maximum attainable score of 56.

Handgrip strength has also been widely used in many studies \[[@B9]--[@B11], [@B13], [@B14], [@B34]--[@B46]\]. It primarily measures upper body appendicular muscle strength and is a good predictor of functional disability. Factors associated with muscle weakness measured by handgrip strength include decreased physical activity, lower body weight, poor nutritional status, and number of chronic diseases and medication use \[[@B40], [@B47]--[@B54]\]. Besides the functional disability, poor handgrip strength also predicts 5-year mortality in specific populations \[[@B55]--[@B58]\]. Thus, handgrip strength has frequently been used as a marker for overall muscle strength and health status for the elderly.

3. Results {#sec3}
==========

3.1. Body Composition and Functionality {#sec3.1}
---------------------------------------

### 3.1.1. Overweight/Obesity and Functionality {#sec3.1.1}

Results from most studies \[[@B10], [@B36], [@B37], [@B59]--[@B62]\] indicate a negative relationship between fat mass and PP in older adults. Bohannon et al. \[[@B63]\] examined the relationship between adiposity and PP in 104 community-dwelling elderly (aged 60--90 years) women in Connecticut. STS, OLS, and a 25-foot walk were timed and used to test PP. In this study, PP had a significant negative association with anthropometries, showing that PP decreased as the adiposity measured by BMI, WC, and WHR increased. Sharkey and Branch \[[@B61]\] examined the relationship between SLEPS and BMI in The Nutrition and Function Study population including both men and women aged 78.2 ± 8.4 years. Based on their PP scores, subjects were divided into the following groups: worst performance (SLEPS 0--4), intermediate performance (SLEPS 5--9), and best performance (SLEPS 10--14). Obese individuals were two times more likely to be in the lower SLEPS performance (SLEPS 5--9) category than nonobese individuals after controlling for chronic health conditions, depression, and demographic characteristics (odds ratio (OR) = 1.99, (95% CI = 0.90, 4.42); *P* \< .05).

Interesting results were observed in a study with 4000 community-dwelling adults 65 years and older in Hong Kong \[[@B10]\], showing a U-shaped (quadratic) relationship between BMI and PP where lower and upper extremity performances were assessed by measuring walking speed from a 6-meter-walking test and handgrip strength, respectively. As a result, the overweight group (defined by BMI 23 to 24.9 for Asian population) showed the highest handgrip strength, while both the underweight (BMI \< 18.5) and obese II (BMI \> 30) groups showed lower handgrip strength. Similar trends were seen in walking performance. The normal-weight group (BMI 18.5 to 22.9) needed a shorter time for a 6-meter walking compared to other BMI groups. Since both low or high fat mass increases the risk of mortality in the elderly, this quadratic trend emphasizes the influence of fat mass on functional limitation and suggests that underweight or overweight could be detrimental for PP in older adults.

Due to the limitation in using BMI as an assessment for body fat, other studies \[[@B10], [@B59], [@B60]\] have utilized DXA to quantify fat or muscle mass or have developed indices such as calculated fat index (fat mass (kg)/height (m)^2^) and appendicular skeletal muscle index (ASMI, appendicular muscle mass (kg)/height (m)^2^) to investigate different compartments of body composition. Considering both body fat and muscle mass, some studies support that adiposity/obesity but not muscle mass was a stronger determinant of PP in older adults. Jankowski et al. \[[@B60]\] examined fat and muscle mass by DXA and PP by the CS-PFP test in 109 community-dwelling healthy women and men aged 69 ± 7 years. After adjustment for age, the fat index showed a negative relationship with the CS-PFP test score (*r*^2^ = 0.52, *P* \< .001). In another model controlled for age and sex, BMI was a negative and significant predictor of CS-PFP test score (*r*^2^ = 0.50, *P* \< .001). Similarly, the NuAge (Nutrition as a Determinant of Successful Aging) study with 904 community-dwelling older adults aged 74.0 ± 4.1 years living in Québec, Canada, showed that a higher percentage of body fat measured by DXA showed shorter timed OLS in both men and women, even after controlling for age, physical activity, and number of self-reported diseases \[[@B59]\]. However, in both of the above studies \[[@B59], [@B60]\], the ASMI was not an explanatory factor of PP.

Overall, the above studies suggest that adiposity is a stronger determinant of PP than muscle mass in older community dwelling adults. Considering that fat mass index is used to normalize skeletal sizes and distinguish between sex differences, which BMI is not \[[@B60]\], the negative relationship between adiposity and PP is well explained when sex difference is accounted for. However, if fat weight is too high (in case of obesity), negative relationship with PP may occur.

Estrada et al. \[[@B37]\] investigated the relationship between both ASMI and appendicular fat mass index and PP in 189 healthy postmenopausal women (aged 67.5 ± 4.8 years) receiving estrogen for osteoporosis for 2 years. Fat and muscle mass was measured by DXA and adjusted for height to yield skeletal mass and fat mass indices of both lower and upper extremities. Interestingly, handgrip strength showed positive correlations with both ASMI of total and lower limb (*r* = 0.21 and 0.19, resp., *P* \< .05). However, total and lower extremity fat indices were negatively correlated with all lower extremity PP tests including walking speed, OLS, and STS. Regarding body composition analyzed by DXA, the participants with lowest quartile of fat mass had the strongest handgrip strength and the fastest walking speed after adjusting for age, physical activity, and number of chronic diseases. This shows that each performance on PP test items is correlated with body composition of the particular site used for testing. Therefore, the study supported the association between physical function and appendicular fat/muscle mass indicating that the relationship between PP and muscle mass could be site specific.

### 3.1.2. Muscle Mass and Physical Performance {#sec3.1.2}

Several studies \[[@B9], [@B11]--[@B13], [@B43]--[@B46], [@B54], [@B64]\] have determined that muscle rather than fat mass is significantly positively associated with PP measures. A study with mobility-limited community-dwelling older adults aged 74.2 ± 7 years showed that lower leg muscle mass was a significant predictor of PP, as measured by Short Physical Performance Battery (SPPB) \[[@B12]\]. Subjects who were able to gain 1kg of muscle mass had 47% less chance for having severe mobility impairment, as defined by an SPPB score less than 7 (after adjustment for number of medical diagnoses, physical activity level, total hip BMD, total leg muscle mass, and total body fat). Total percentage of body fat was not a significant determinant of SPPB scores.

In addition, gender might be another factor that determines the relationship between muscle mass and PP. A study by Visser et al. \[[@B54]\] examined the Longitudinal Aging Study Amsterdam cohort of 449 men and women aged 65 years and older. Lower extremity muscle mass measured by DXA was positively associated with lower extremity performance, as assessed by walking speed and STS, after adjusting for age and height, in men. The association between lower extremity muscle mass and lower extremity performance in women was positive after adjusting for BMI. A study by Valentine et al. \[[@B62]\] demonstrated that both lower extremity muscle mass (%) and body fat mass (%) were positively correlated with faster walking speed in women only. Therefore, not only muscle mass but also % body fat showed a stronger relationship with PP in women, compared to men. However in sarcopenic subjects, the association appeared to be opposite with reference to sex. Newman et al. \[[@B64]\] examined the PP in people with sarcopenia. In this study, sarcopenia was defined as ASMI at the lowest 20% of the distribution of study population in both men and women. The results showed that ASMI was the most significant factor correlated with PP measures examined with the Established Populations for Epidemiologic Studies of the Elderly (EPESE) test. After adjusting for age, race, other lifestyle factors, and physical activity, only male subjects who were classified as sarcopenic had 1.5 times more chance of having an EPESE score of less than 10 (CI = 1.1-2.1). Overall, muscle mass was a stronger determinant of lower extremity PP, particularly in men. In women, both higher muscle mass and lower body fat were positively associated with physical function.

### 3.1.3. Muscle Mass and Handgrip Strength {#sec3.1.3}

The positive relationship between muscle mass and PP has been shown more clearly when functionality was measured with handgrip strength \[[@B9]--[@B11], [@B13], [@B37], [@B43]--[@B46]\]. The results from the Framingham Heart Study with 753 men and women aged 72--95 years \[[@B9]\] showed that handgrip strength was positively correlated with total body and arm muscle mass measured by DXA after adjustment for age and height (Pearson\'s *r* ranged from 0.46 to 0.53, *P* \< .0001). An even stronger relationship was shown in the study by Payette et al. \[[@B43]\] in which 30 community-dwelling elderly women (81.5 ± 7 years) were examined. In this study, muscle mass, determined by BIA, was positively correlated with handgrip strength but not with lower extremity performance measured by TUGT. Similar results were shown with an Asian population living in Hong Kong, where health aspects of 4000 community-dwelling elderly aged 72.5 ± 5.2 years were examined \[[@B11]\]. The relationship between muscle mass, measured by DXA, and PP measures including STS, handgrip strength, and walking speed was tested. Subjects were divided into groups based on the tertiles of ASMI. After adjusting for age, the highest tertile of ASMI had the strongest handgrip strength in both men and women compared to other groups. Other PP measures using lower extremities were similar across the tertiles of muscle mass in both women and men, suggesting that PP without direct measurement of muscle strength can be more easily explained by higher body fat rather than muscle mass, as supported by studies discussed above.

Additional studies support the notion that handgrip strength is positively correlated with appendicular muscle mass, especially for upper extremities. The EPIDOS (EPIDemiology of OSteoporosis) study with 1,458 French women aged 70 years or older \[[@B45]\] showed positive association between handgrip strength and appendicular muscle mass from four limbs measured by DXA. Rolland et al. \[[@B46]\] also reviewed this relationship by dividing the EPIDOS cohort according to BMI groups. Although there were no significant differences in handgrip strength among BMI groups, the correlation between appendicular skeletal muscle mass measured by DXA and handgrip strength in lean (BMI \< 24) and normal-weight to overweight groups (BMI = 24--29 kg/m^2^) was significantly positive (*P* \< .001); however, the relationship became weaker (although still significant) in the overweight-obese group (BMI \> 29 kg/m^2^, *P* \< .05). Similarly, Pedersen et al. \[[@B44]\] measured muscle strength including handgrip strength, United States Physical Performance Test (US PPT), and body composition using BIA in 226 older men and women between 70 and 75 years old living in Copenhagen, Denmark. The results showed that the muscle mass measured by BIA was positively correlated with handgrip strength in both men and women. Although the results showed a tendency for the group with BMI \< 24 kg/m^2^ to have the highest handgrip strength compared to other BMI groups, this tendency was not observed with US PPT. Body fat (%), which showed a strong correlation with BMI, was also not correlated with handgrip strength, indicating that only muscle mass was the explanatory factor for handgrip strength.

Studies also showed that there is site-specific relationship between handgrip strength and muscle mass, especially with upper extremity muscle mass. Taaffe et al. \[[@B13]\] examined the correlation between the handgrip strength and muscle or fat mass in 2,619 community dwelling elderly participating in the Health ABC study. It was found that upper extremity muscle mass had the strongest relationship with handgrip strength (*r* = 0.39), followed by total body muscle mass (*r* = 0.32, *P* \< .001). Total body fat and upper extremity fat mass showed no association with handgrip strength. It seems that although handgrip strength has been widely used to measure general health status and functional ability in the older adults, handgrip strength is more likely to represent upper extremity muscle mass, rather than muscle or fat mass in the total body.

### 3.1.4. Muscle Quality and Physical Performance {#sec3.1.4}

Misic et al. \[[@B65]\] examined balance with the Berg balance test and walking speed in 55 older adults aged 69.3 ± 5.5 years. After comparing with total body fat mass and lower extremity muscle mass measured by DXA, the Berg balance test score and walking speed were negatively correlated with total body fat mass but not lower extremity muscle mass (*P* \< .05). However, they found that the most significant predictor for gait was muscle quality, explaining 29--42% of the variance. Sipila and Suominen \[[@B66]\] compared former female athletes (*n* = 19) and controls (*n* = 14) aged 66 to 85 years living in Finland to examine the relationship between walking speed and muscle and body composition measured by BIA and CT. Interestingly, walking speed was the only parameter that was significantly correlated with the relative proportion of fat in both groups (*r* = −0.48 and −0.66 for athletes and controls, resp., *P* \< .05). The correlation between muscle index measured by CT and walking speed was not different for athletes and controls.

Composition of muscle has also been explored to measure muscle quality and investigate the relationship with PP in several studies. Higher muscle attenuation expressed as lower fat infiltration (less fat deposited within the muscle) measured by CT is often used as an indicator of better muscle quality. The researchers demonstrated that fat infiltration in muscle as a measure of muscle quality rather than muscle mass was a better predictor of muscle performance \[[@B67], [@B68]\]. Visser et al. \[[@B67]\] examined the composition of muscle using CT and its relationship to lower extremity performance score with the Health ABC cohort, including 2,979 participants aged 70 to 79 years. Among the Health ABC physical performance battery items, timed chair sit-to-stand test and walking speed were used to test lower extremity performance; each item is scored according to the quartiles of the Health ABC cohort (0 for the last quartile, 4 for the first quartile), less than 4 indicating poor lower extremity performance (LEP). They showed that both higher muscle mass and low fat infiltration as measured by DXA and CT, respectively, were associated with greater lower extremity performance. In other words, the participants who were in the highest tertile of muscle mass or the highest muscle attenuation (lowest fat filtration) had the greatest LEP test scores. In another study using only the Pittsburgh site of the Health ABC cohort consisting of 1,527 adults aged 70 to 79 years \[[@B68]\], higher fat infiltration in trunk muscle measured by CT was associated with lower test scores on lower extremity performance tests, including repeated chair sit-to-stand, OLS, and 6-meter walking speed. In this study, trunk and thigh muscle area were not significantly associated with PP in this population. However, either higher trunk or thigh fat infiltration was associated with poorer PP in lower extremities.

Although many studies support that muscle mass is a strong predictor of physical function in older adults, it is evident that lower fat infiltration in muscle, as a measure of muscle quality, could be also a good predictor of better PP. Since the role of infiltrated fat in muscle is still unknown, more studies are needed to investigate the effects of fat infiltration on PP.

3.2. Bone Mineral Density and Physical Performance {#sec3.2}
--------------------------------------------------

It is well established that PP is an independent predictor of the risk for falls and fractures \[[@B69], [@B70]\]. However, the relationship between PP and BMD is unclear, with conflicting conclusions from various research studies. With aging, loss of muscle and bone mass has significant implications on both physical function and health \[[@B18], [@B71]--[@B73]\].

Some studies support the notion that PP has weak or no association with BMD of various skeletal sites. A study with 47 older women (80.3 ± 7.0 years) who had previous hip fracture showed no association between walking speed and nonfractured leg and lumbar spine BMD \[[@B74]\]. Another study \[[@B38]\] with 104 community dwelling older adults investigated the relationship between femur BMD and handgrip strength, where a positive correlation was only observed in women (*r* = 0.4, *P* \< .001), and not in men (*r* = 0.27, *P* = .149). There was also a significant correlation between body weight and handgrip strength in women (*r* = 0.32, *P* = .006); therefore, the latter was allometrically scaled with body weight to reduce the influence from other variables related to body dimension. Linear regression analyses showed that handgrip strength divided by body weight only explained 6% of variation in femur BMD, which was again shown only in the women. The Osteoporotic Fractures in Men Study \[[@B14]\] including 5,995 men aged 73.7 ± 5.9 years showed that only handgrip strength had a positive association with femoral and lumbar BMD measured by DXA. Accordingly, one standard deviation increase in handgrip strength (8.2 kg) showed significant increases in femoral and lumbar BMD (OR = 1.75\[1.3,2.2\](%) and 1.74\[1.3,2.2\](%), resp.) after adjustment for age, but these associations disappeared after adjusting for both age and weight (OR = 0.73\[0.3,1.2\](%) and 1.05\[0.6,1.5\](%), resp.). On the other hand, slower STS (3.3 seconds) was not associated with lower femoral and lumbar BMD (OR = −0.05\[−0.4, −0.5\](%), −0.06\[−0.5, −0.4\](%), resp.) in age-adjusted models, which appeared to be significant after adjusting for both age and weight (−1.06\[−1.5, −0.7\](%), −0.85\[−1.3, −0.4\](%), resp.). Walking speed however showed no association with BMD.

Conversely, other studies have shown positive associations between BMD of various skeletal sites and lower extremity PP measures \[[@B39], [@B75], [@B76]\]. Results of the study in 368 older men aged 78.8 ± 4.1 years living in a veterans\' home in Taiwan \[[@B76]\] found that the calcaneus bone mass measured by Soundscan (quantitative ultrasound) expressed as broadband ultrasound attenuation was positively correlated with walking speed measured by a 6-minute walking distance. After adjusting for BMI, waist circumference, and hemoglobin level as a marker of nutritional adequacy and status, mean broadband ultrasound attenuation (BUA) values were significantly different among the groups, classified according to the quartiles of 6-minute walking distance, showing that the lowest quartile had the shortest 6-minute walking distance. Similar trends were shown in the study with female subjects in Japan \[[@B75]\]. In this study which was conducted with 200 Japanese women 65 years and older, the relationship between walking parameters and bone health as measured by quantitative ultrasound bone densitometer expressed as stiffness index was examined. The results showed that higher stiffness index (SI) was positively correlated with faster usual and maximum walking speed. In multiple regression analysis with BMI, handgrip strength, and walking parameters, maximum walking speed had the strongest association with SI among women aged between 65 and 74 years. In the study with 606 Finnish older women aged 68.0 ± 1.8 years \[[@B39]\], hip BMD including femoral neck, trochanter, and total proximal femur and lumbar spine BMD were correlated with PP. After adjusting for age, BMI, hormone therapy use, years since menopause, smoking status, and use of oral glucocorticoids, multivariate linear regression analysis showed that the strongest relationship was between hip BMD and OLS, followed by handgrip strength and OLS. The relationship of spine BMD and both OLS and handgrip strength was weak but remained significant, however, not significant with walking speed or STS, separately.

The findings in previous studies that the PP related to a specific extremity is associated with bone mass of that same extremity are well supported. The results from the Study of Osteoporotic Fractures conducted in 5,405 older women of non-African origins aged 73.8 ± 5.3 years also showed that handgrip strength was positively associated with higher BMD of various skeletal sites, but particularly that of the forearm \[[@B42]\]. With an increase of 5 kg of handgrip strength, distal radius and femoral neck BMD increased by 3% and 1% after controlling for age and weight, respectively. Additionally, faster walking speed (0.2 m/s) was associated with an increase in 1% BMD of femoral neck, but not at other skeletal sites. Similarly, Lindsey et al. \[[@B41]\] conducted a study in 116 postmenopausal Caucasian women aged 68.3 ± 6.8 years examining the relationship between different skeletal sites and measures of functionality, including normal and brisk walking speed, step length, OLS, timed chair sit-to-stand test, and handgrip strength.

Results from multiple regression controlled for BMI, age of onset of menarche, total calcium intake, and total hours of physical activity showed that higher femoral neck, hip, and total BMD were significantly associated with faster walking speed, longer step length, and longer OLS time. On the other hand, stronger handgrip strength was significantly associated with all forearm BMD sites, but not with higher femoral neck BMD.

Notably, the relationship between handgrip strength and BMD of forearm was stronger than BMD of other skeletal sites in several studies. Another study with 2,619 community-dwelling older adults participating in the Health ABC study also investigated the correlation between handgrip strength and BMD of various skeletal sites \[[@B13]\]. Handgrip strength had the strongest positive correlation with upper limb BMD, followed by lower limb BMD or total and femoral neck BMD. Similarly, in another study \[[@B34]\] where bone mass was measured using an OsteoAnalyzer in 9,704 older women recruited from four clinical centers in the US, an increase in 5 kg of handgrip strength is correlated with a 3.5% increase in radius BMD (CI: 2.8, 4.3).

Other studies have examined handgrip strength from both hands, suggesting that nondominant handgrip strength could be a useful indicator to assess BMD. With 91 healthy active men and women living in Palo Alto, California, aged 70.0 ± 0.7 years \[[@B35]\], midradius and lumbar spine BMD were measured. In women, grip strength from both hands showed a significant relationship with spine and midradius BMD, especially BMD of the dominant hand. In men, only midradius BMD showed a significantly positive correlation with handgrip strength from both hands. On the other hand, in the study with 649 postmenopausal Caucasian women aged \>65 years living in Southern California \[[@B40]\], handgrip strength from both the dominant and nondominant arm was examined in relation to BMD of upper limb, as measured by single-photon absorptiometry, and of spine and hip as measured by DXA. With dominant handgrip strength, BMD of the hip showed the strongest positive association followed by wrist and spine BMD after adjusting for potential covariates including age, BMI, thiazide use, smoking, regular exercise, arthritis, years since menopause, and estrogen use. With radius BMD, the positive trend was observed, but significance was not reached. However, with the nondominant handgrip strength, a positive association with BMD was observed for all skeletal sites measured, including hip, radius, wrist, and spine.

Notably, the study with the Health ABC study cohort including 3041 community-dwelling older adults \[[@B77]\] showed that the association between hip region BMD and PP was sex and race specific, with the strongest association in black women, followed by white women and men. In this study, ANCOVA results adjusted for age, study site, height, weight, medication (thiazides, corticosteroids, estrogen for women), smoking pack-years, and physical activity showed that the mean value of femoral neck and trochanter BMD was significantly different among groups classified according to the quartiles of performance measures including timed chair STS, 6-meter walking speed, and OLS. The graded associations between femoral neck and trochanter BMD and groups classified by all PP measures were significant among black women, showing a higher BMD with better PP (*P* \< .05, except standing balance and femoral neck BMD; *P* = .163 for trend). In white women, there was a moderate trend observed between femoral neck BMD and STS only. In white and black men, there was graded association found in trochanter BMD among the groups based on STS quartiles, but the difference among the groups was not significant. Therefore, the conclusions drawn included that the association between BMD and PP measures was strongest in black women, followed by white women and men. Since the analyses already included physical activity, other factors like nutritional, hormonal, or environmental could be considered to further explain the differences under the genetic basis among races.

4. Discussion {#sec4}
=============

In general, studies have shown that an increase in fat or decrease in muscle mass causes greater functional disability and lower PP. While muscle and fat mass have been considered an important factor of age-related decline in physical function, studies examining the relationship between fat/muscle mass and functionality have shown inconsistent results. Higher bone mineral density has tendency to correlate with better PP, although some studies showed that relationships depended on sex, race, and body compartment. Lorenzo \[[@B18]\] summarized several explanations of this inconsistency. First, because loss of muscle mass is inevitable with aging but also can occur due to weight loss from illness in the later stages of life, muscle mass may not be a good predictor of PP. Second, even though muscle mass is a good predictor of a muscle strength, it might not be as good of a predictor of physical strength as is muscle quality. Only a few studies have used CT to measure fat infiltration in muscle as a measure of muscle quality. Even though most studies selected in this review used DXA to measure body composition, each study used different ways to normalize or control for the absolute values of fat and muscle mass, which leads to different interpretation of data. For example, some studies used a fat index while others used the percentage of fat. Muscle mass was also normalized in several ways with height of stature or the leg for lower extremity. Finally, as mentioned above, the use of different instruments measuring PP can result in different outcomes. Even though handgrip strength was shown to be a good measure of overall PP, some studies also support that handgrip strength is more correlated with strength, body composition, and BMD of the upper extremity \[[@B13], [@B38]\].

Most of the studies are cross-sectional; so no long-term effects of the change in PP in different body composition categories have been investigated. Although functional capacity is known to dramatically decline with aging, most studies showed the correlations between body composition and PP without considering age and gender differences. Chronic diseases such as arthritis, back pain, and age-related vision decline which could affect walking speed were not considered as confounders in most studies. In addition, most studies included community-dwelling older adults, predominantly Caucasian, only two studies included African-American population \[[@B54], [@B78]\], and few studies were conducted in Asian populations \[[@B10], [@B75], [@B76]\]. Community-dwelling older adults might be healthier and more active than those living in long-term care facilities or nursing homes. Also, different races have different body composition and body size, which also might explain the differences in BMD among the racial groupings.

In conclusion, most studies showed a positive relationship between muscle mass and PP, especially in the lower extremities which are crucial for the mobility of the elderly. However, more studies regarding the relationships among obesity, adiposity, and PP are warranted. BMD has also shown a positive correlation with PP, where stronger relationships have been shown in women than men. Although body composition changes with aging process in the opposite way, preserving muscle/bone mass and reducing excessive fat mass may be beneficial to keep PP and reduce functional disability in older adults. Standardized measurement such as the CS-PFP to predict PP for older populations needs to be incorporated into future studies to avoid a "ceiling" or "floor" effect. Validation studies of different measurements of PP across the age, sex, and race and establishing reference values of each item would be useful to identify the risk of physical disability in the later life and recommendation of weight management for older adults.
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AFMI:

:   Appendicular fat mass index

ASMI:

:   Appendicular skeletal muscle index

BBS:

:   Berg balance scale

BIA:

:   Bioelectrical impedance analysis

BMD:

:   Bone mineral density

BMI:

:   Body mass index

BUA:

:   Broadband ultrasound attenuation

CS-PFP:

:   Continuous-scale physical-functional-performance test

CT:

:   Computed tomography

DXA:

:   Dual energy X-ray absorptiometry

The Health ABC PPB:

:   The health, aging and body composition study physical performance battery

HGS:

:   Handgrip strength

LEP:

:   Lower extremity performance

MRI:

:   Magnetic resonance imaging

OLS:

:   One-leg stance

QUS:

:   Quantitative ultrasound bone densitometry

SI:

:   Stiffness index

SLEPS:

:   Summary lower-extremity performance scores

SPPB:

:   The short Physical Performance Battery

PP:

:   Physical performance

STS:

:   Sit-to-stand

TUGT:

:   Timed up-and-go test

US PPT:

:   United states Physical Performance Test

WC:

:   Waist circumference

WHR:

:   Waist-to-hip ratio.

###### 

Summary of studies examining the relationship between physical performance (PP) and body composition.

  Author, year                          Participants                                                   *N* (% of women)   Age (year) Mean (SD)          BMI^a^Mean (SD)                      Body composition          Physical performance measure                     Fat mass                                                                            Muscle mass
  ------------------------------------- -------------------------------------------------------------- ------------------ ----------------------------- ------------------------------------ ------------------------- ------------------------------------------------ ----------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
  Fat mass and physical functionality                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                            
  Bohannon et al. 2005                  Community dwelling women                                       104 (100)          74.9 (7.5)                    28.1 (6.7)                           BMI, WC, WHR              Timed STS Unilateral standing (OLS) 25-ft walk   Negative (*r* = 0.221 to 0.397 for STS and 25-FW; *r* = −0.231 to −0.233 for OLS)   N/A
                                                                                                                                                                                                                                                                                                                                                            
  Sharkey and Branch, 2004              Nutrition and Function Study (NAFS)                            345 (81)           78.2 (8.4)                    34.5% are obese (BMI [\>]{.ul} 30)   BMI                       SLEPS (OLS, walking speed, STS)                  Negative                                                                            N/A
                                                                                                                                                                                                                                                                                                                                                            
  Jankowski et al. 2008                 Women and men with low serum DHEA                              109 (50)           69 (7)                        27.2 (4.8)                           BMI, DXA                  CS-PFP                                           Negative (BMI, *r*^2^ = 0.50; Fat index (kg/m^2^), *r*^2^ = 0.52)                   NS
                                                                                                                                                                                                                                                                                                                                                            
  Bouchard et al. 2007                  NuAge (Canada)                                                 904 (48)           74 (4.1)                      27.9 (4.6)                           DXA                       Walking speed, Balance (OLS)                     Negative (*r*^2^ = 0.48 with OLS; 0.57 with WS)                                     NS
                                                                                                                                                                                                                                                                                                                                                            
  Body fat, muscle mass and PP                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                            
  Woo et al. 2007                       Community dwelling elderly living in Hong Kong                 4000 (50)          65+                           23.7 (3.3)                           BMI, DXA                  Walking speed, HGS                               U-shape with BMI Negative with fat mass                                             Positive (ASM with HGS)
                                                                                                                                                                                                                                                                                                                                                            
  Estrada et al. 2007                   Women receiving estrogen for osteoporosis for 2 years          189 (100)          67.5 (4.8)                    24.4 (3.0)                           DXA                       Walking speed, OLS, STS, HGS                     Negative (AFMI; *r* = −0.30 to −0.016, except HGS)                                  Positive (ASM of lower limb; *r* = 0.18 with WS; 0.21 with HGS)
                                                                                                                                                                                                                                                                                                                                                            
  Valentine et al. 2009                 Community dwelling elderly                                     134 (63)           69.6 (5.4, F) 70.3 (4.7, M)   28.3 (4.6)                           DXA                       OLS, TUGT, walking speed                         Negative (*r* = 0.29 to 0.38)                                                       Positive (leg to total body ratio; *r* = −0.29 with TUGT, −0.041 with WS in women only)
                                                                                                                                                                                                                                                                                                                                                            
  Visser et al. 2000                    Longitudinal Aging Study Amsterdam                             449 (52)           75(F) 75.8(M)                 26.9 (4.2)                           DXA                       WS, STS                                          N/A                                                                                 Positive (*r* = 0.202)
                                                                                                                                                                                                                                                                                                                                                            
  Reid et al. 2008                      Mobility limited community dwelling elderly living in Boston   57 (54)            74.2 (7)                      28.9 (6.0)                           DXA                       SPPB score less than 7                           NS                                                                                  Positive (with 1 kg increase in muscle mass, OR = 0.47, CI \[0.25, 0.91\])
                                                                                                                                                                                                                                                                                                                                                            
  Newman et al. 2003                    Health ABC study                                               2984 (52)          73.6 (2.9)                    27.4 (4.8)                           DXA                       EPESE score less than 10                         N/A                                                                                 Positive (Sarcopenia, OR = 1.5, CI \[1.1, 2.1\])
                                                                                                                                                                                                                                                                                                                                                            
  Muscle mass and handgrip strength                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                            
  Visser et al. 1998                    Framingham Heart Study Cohort                                  753 (63)           78.2 (0.3)                    26.8 (0.3)                           DXA, WHR, WC              HGS                                              N/A                                                                                 Positive
                                                                                                                                                                                                                                                                                                                                                            
  Payette et al. 1998                   Quebec elderly women                                           30 (100)           81.5 (7.0)                    26.0 (4.7)                           BIA, BMI                  HGS, TUGT                                        N/A                                                                                 Positive (*r* = 0.62, HGS) NS (with TUGT)
                                                                                                                                                                                                                                                                                                                                                            
  Lee et al. 2007                       Community dwelling elderly living in Hong Kong                 4000 (50)          72.5 (5.2)                    N/A                                  DXA                       STS, HGS, Walking speed                          N/A                                                                                 Positive (ASMI with HGS; walking speed and STS in women only)
                                                                                                                                                                                                                                                                                                                                                            
  Rolland et al. 2003                   EPIDOS study                                                   1458 (100)         70+                           25.1 (3.9)                           DXA                       HGS                                              N/A                                                                                 Positive (ASM, *r* = 0.24)
                                                                                                                                                                                                                                                                                                                                                            
  Rolland et al. 2004                   EPIDOS study                                                   1458 (100)         70+                           25.1 (3.9)                           DXA                       HGS                                              N/A                                                                                 Positive in BMI less than 29
                                                                                                                                                                                                                                                                                                                                                            
  Pedersen et al. 2002                  Dannish (Glostrup) community dwelling elderly                  226 (47)           80                            26.6 (4.5)                           BMI, BIA                  HGS, PPT                                         NS                                                                                  Positive (HGS, *r* = 0.40 for men; 0.22 for women)
                                                                                                                                                                                                                                                                                                                                                            
  Taaffe et al. 2001                    Health ABC Study                                               2619 (51)          73.6 (2.9)                    27.1 (4.5)                           DXA                       HGS                                              No association (*r* = 0.07 with upper extremity; 0.08 with total)                   Positive (*r* = .39 with upper extremity; .32 with total)
                                                                                                                                                                                                                                                                                                                                                            
  Muscle quality and PP                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                            
  Misic et al. 2007                     Community dwelling elderly                                     55 (36/19)         69.3 (5.5)                    28.7 (4.5)                           DXA                       Berg balance scale, Walking speed                Negative (*r* = −0.35 with BBS; −0.33 with WS)                                      NS (Lower extremity muscle mass)
                                                                                                                                                                                                                                                                                                                                                            
  Sipila and Suominen, 1994             Finnish former athletes (A) and controls (C)                   33 (100)           73.7 (5.6, A) 73.6 (2.9, C)   N/A                                  BIA, CT                   Walking speed                                    Negative (*r* = −0.48(A); −0.66 (C))                                                NS (muscle index)
                                                                                                                                                                                                                                                                                                                                                            
  Visser et al. 2002                    Health ABC study                                               2979 (52)          70--79                        27.3 (4.6)                           CT (Midthigh)             LEP (walking speed and STS)                      Negative (fat infiltration)                                                         Positive
                                                                                                                                                                                                                                                                                                                                                            
  Hicks et al. 2005                     Health ABC study (Pittsburg site only)                         1527 (48)          70--79                        27%                                  CT (Midthigh and trunk)   Health ABC PPB (STS, OLS, walking speed)         Negative (fat infiltration)                                                         NS

^a^If the mean was not specified, number indicates % of BMI greater than 30; SD: standard deviation; STS: sit-to-stand; OLS: one-leg-stance; HGS: handgrip strength; ASM: appendicular skeletal muscle mass; N/A: not available, no data; NS: not significant.

###### 

Summary of studies of the relationship between physical performance (PP) and bone mineral density (BMD).

  Author, year                                 Participants                                                                           *N* (% of women)   Age (years, Mean (SD))        Weight (kg)^a^Mean (SD)   Height (cm)^a^Mean (SD)         BMD measure^b^                                                             PP measures                                                                                                        Findings
  -------------------------------------------- -------------------------------------------------------------------------------------- ------------------ ----------------------------- ------------------------- ------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------
  Madsen et al. 2000                           Community dwelling elderly                                                             47 (100)           80.3 (7.0)                    60.0 (11.3)               156 (6)                         Leg, lumbar spine                                                          Walking speed                                                                                                      NS
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Foley et al. 1999                            Community dwelling elderly                                                             104 (70)           71.0 (5.3, F) 72.4 (4.0, M)   71.7 (15.8)               160.7 (4.6)                     Femur                                                                      HGS                                                                                                                Weak (*r*^2^ = 0.06)
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Cauley et al. 2005                           The Osteoporotic Fractures in Men Study (MrOS)                                         5995 (0)           73.7 (5.9)                    83.1 (13.3)               174.1 (6.8)                     Femur and lumbar                                                           Walking speed, STS, and HGS                                                                                        Positive (STS and HGS)NS (Walking speed)
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Tang et al. 2007                             Elderly living in veterans\' home in Taiwan                                            368 (0)            78.8 (4.1)                    62.9 (10.4)               162.6 (5.9)                     Calcaneus bone with Soundscan                                              6-min walking distance                                                                                             Positively graded association across the quartile
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Sun et al. 2009                              Community-dwelling elderly women in Japan (200)                                        200 (100)          65+                           23.1 (3.2, BMI)           QUS                             Usual and maximum walking speed                                            Positive (*r* = 0.24 with usual walking speed and .26 with maximum walking speed)                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Taaffe et al. 2003                           Health ABC study                                                                       3041 (52)          74.2 (7)                      28.9 (6, BMI)             Femoral neck and trochanter     STS, 6-m walking speed and OLS                                             Positive (graded association)                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Lindsey et al. 2005                          Healthy postmenopausal women                                                           116 (100)          68.3 (6.8)                    67.9 ± 11.0               161.8 (6.5)                     Femoral neck, hip and total                                                normal and brisk 8 m walking speed, normal step length, brisk step length, OLS, STS, and HGS                       Positive (*r^2^* ranged from 0.19 to 0.38)
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Taaffe et al. 2001                           Health ABC Study                                                                       2619 (51)          73.6 (2.9)                    27.1 (4.5, BMI)           Upper limb, lower limb, total   HGS                                                                        Positive (*r* = 0.26, 0.17 and 0.15 with upper limb BMD, lower limb BMD and total BMD resp.)                       
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Orwoll et al. 1996                           Study of Osteoporotic Fractures                                                        5405 (100)         73.8 (5.3)                    66.4 (12.5)               159.2 (6.0)                     Distal radius and femoral neck                                             HGS                                                                                                                Positive
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Kritz-Silverstein and Barrett-Conner, 1994   Postmenopausal Caucasian women aged 65 years and older living in Southern California   649 (100)          65+                           N/A                       N/A                             Single-photon absorptiometry for upper limb and DXA for lumbar and spine   HGS                                                                                                                Positive (nondominant arms; *r^2^* ranged from 0.15 to 0.28)
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Bauer et al. 1993                            Nonblack women recruited from four clinical centers                                    9704 (100)         71.6 (5.3)                    67.3 (12.6)               159 (6.0)                       Distal radius from Osteoanalyzer                                           HGS                                                                                                                Positive (5 kg increase with 4.9% increase in distal radius bone mass (95% CI \[4.1, 5.6\])
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Bevier et al. 1989                           Healthy active men and women living in Palo Alto, California                           91 (0)             70 (0.7)                      70.1 (1.4)                165.8 (1.0)                     Radius and lumbar                                                          HGS                                                                                                                Positive (*r* = 0.28 to 0.42)
                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Kärkkäinen et al. 2009                       606 Finnish elderly women                                                              606 (100)          68.0 (1.8)                    28.8 (4.7, BMI)           Hip and lumbar spine            OLS, HGS, Walking speed, STS                                               Positive (Hip BMD, *r^2^* ranged from 0.16 to 0.23; Lumbar BMD, *r*^2^ = 0.16, *P* \< .05 with OLS and HGS only)   

SD: standard deviation; BMD: bone mineral density; M: male; F: female; STS: sit-to-stand; OLS: one-leg-stance; HGS: handgrip strength; N/A:  not available, no data; NS: not significant.

^a^If there is no information on weight and height, BMI is noted instead.

^b^All BMDs were measured by DXA if not otherwise noted.

###### 

Summary of instruments for physical performance (PP) tests.

  Items                                                                                   Sit-to-stand                                                                                                           Balance                                                                                                                                                    Walking speed                                            Others
  --------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------
  The short physical performance battery \[[@B30]\]                                       5 repetition                                                                                                           Tandem, semitandem, and side-by-side stands (10 seconds maximum)                                                                                           4-meter                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                     
  The health, aging, and body composition study Physical Performance Battery \[[@B32]\]   5 repetition                                                                                                           Tandem, semitandem, and side-by-side stands (10 seconds maximum)                                                                                           6-meter at usual walking speed and 6-meter narrow walk   
                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Summary lower-extremity performance scores \[[@B79]\]                                   5 repetition                                                                                                           Tandem, semi-tandem, and side-by-side stands (10 seconds maximum) Timed 360-degree turn (turning in a full circle), one to the right and one to the left   8-ft (\~2.4-meter) walk                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                     
  United states Physical Performance Test \[[@B27], [@B80]\]                              N/A                                                                                                                    Timed 360-degree turn                                                                                                                                      Timed 4.8-meter walking                                  Writing a sentence, simulating eating, lifting a book above shoulder level, putting on and removing a lab coat and picking up a coin from the floor
                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Continuous-scale physical-functional-performance test \[[@B24]\]                        5 domains: upper body strength, upper body flexibility, lower body strength, balance and coordination, and endurance                                                                                                                                                                                                                       

References indicate the validation studies.

N/A: not available.
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